The dopamine (DA) transporter DAT1 is an important regulator of dopaminergic neurotransmission and the major target bound by cocaine in brain. We examined the influence of functional genetic variants in DAT1 on cocaine addiction. Repeat polymorphisms, including a 30-bp variable-number tandem repeat (VNTR) in intron 8 (Int8 VNTR) with two common alleles, were genotyped in cocaine-dependent abusers (n ‫؍‬ 699) and in controls with no past history of drug abuse (n ‫؍‬ 855) from Sã o Paulo, Brazil. Positive association was observed with allele 3 of the Int8 VNTR and cocaine abuse (allele-wise odds ratio ‫؍‬ 1.2, 95% confidence interval ‫؍‬ 1.01-1.37, P ‫؍‬ 0.036; genotype-wise for 3͞3 homozygote odds ratio ‫؍‬ 1.45, 95% confidence interval ‫؍‬ 1.18 -1.78, P ‫؍‬ 0.0008). Population stratification was assessed and did not affect the results. Further haplotypic analyses using additional polymorphisms indicated that the Int8 VNTR is responsible for the observed association. We then did functional analyses in reporter-gene constructs, demonstrating that allele 3 mediates significant (P < 0.05) but small reduced expression compared with the ''protective'' allele 2. This difference increased when 1 and 10 M cocaine was added to the cell culture (Ϸ40% reduction of the 3 allele expression versus the 2 allele). The 3 allele also demonstrated Ϸ3-foldincreased expression over the 2 allele in response to KCl plus forskolin challenge. We demonstrate a robust association between cocaine dependence and a VNTR allele in the DAT, conferring a small but detectible effect, and we show that this VNTR may be functional. This study suggests that variation within the DAT1 gene may play a role in the etiology of cocaine dependence.
addiction ͉ genetics ͉ SLC6A3 D opamine (DA) is a key neurotransmitter in brain areas involved in movement and behavior, particularly reward pathways. The DA transporter DAT1 mediates the active reuptake of DA from the synapse and is a principal regulator of dopaminergic neurotransmission (1). Cocaine's pleasurable and addictive effects are thought to be principally mediated through its blockage of DAT1. This ••• increases substantially the concentration of extracellular DA, resulting in elevated stimulation of neurons in brain regions involved in reward and reinforcement behavior (2) . In addition, family and twin studies suggest a substantial genetic component in the vulnerability of individuals to become dependent after exposure to cocaine (3) (4) (5) . Thus, we hypothesized that polymorphic functional variants in the DAT1 gene may act to modify susceptibility for cocaine abuse and dependence.
The gene encoding DAT1 (gene symbol SLC6A3) consists of 15 exons spanning 60 kb on chromosome 5p15.32 [MIM *126455] (6). More than one hundred studies have assessed possible associations between variants in DAT1 and psychiatric disorders (for examples see refs. [7] [8] [9] . However, the bulk of these studies examined only one polymorphism and have thus assessed only a portion of the phenotypic influence of genetic variation within the gene. Recent analyses using a larger selection of markers have shown a mixed pattern of functional variation and linkage disequilibrium (LD). They underline the necessity for thorough examination of the locus and the importance of identifying robust functional variants with replicable effects (10, 11) .
The most commonly examined DAT1 polymorphism is a 40-bp variable-number tandem repeat (VNTR) in the 3Ј UTR with repeat copy numbers ranging from 3 to 11 (6) . Numerous studies have sought to assess the relationship between this 3Ј UTR VNTR and clinical phenotypes thought to be related to DA dysfunction, such as attention deficit hyperactivity disorder (12), Parkinson's disease (13) , cocaine-induced paranoia (14) , and methamphetamineinduced psychosis (15) . However, the functional effect of this polymorphism is uncertain, because the data do not indicate a consistent effect of different alleles and genotypes on gene expression (8, 16, 17) . One explanation for these variable results is that 3Ј UTR VNTR may not be the major or an independent source of functional variation in the gene. Rather, it may functionally interact and͞or be in LD with functional polymorphism motifs in and around the gene.
Our examination of the DAT1 genomic sequence revealed that the 3Ј UTR VNTR is not unique. There are Ϸ15 other candidate simple tandem repeats and VNTRs in the introns of DAT1 with at least six repeat copies. Although single-nucleotide polymorphisms (SNPs) are markers of great utility in genetic studies, different alleles of a VNTR represent a very large physical and chemical change to a stretch of DNA sequence. They can act variously as (i) functional elements binding transcription factors and other proteins that inhibit or promote expression (18, 19) ; (ii) motif elements affecting the efficiency of mRNA splicing 1 (20) ; (iii) elements having physical effects, such as varying the spacing between functional motifs or altering the structure and melting properties of DNA in their proximity. For these reasons we regard VNTRs as very good a priori functional candidates. We decided to characterize VNTR polymorphisms in the DAT1 gene by first investigating a possible relationship between these markers and susceptibility to cocaine dependence and then by examining functional effects of marker alleles found to be associated with the phenotype.
Greenwood and Kelsoe (11) reported a segmental pattern of LD within the DAT gene. A high preservation of LD was observed in the 5Ј and 3Ј regions, with little significant LD between them, probably because of a recombination hot spot located near the middle of the gene (introns [6] [7] [8] . Based on these results, in addition to the 3Ј UTR VNTR, an insertion deletion polymorphism in intron 14, and a VNTR 10-kb 3Ј from the DAT gene, we selected a six-copy 30-bp VNTR located in intron 8 (Int8) for genotyping. This VNTR exists as just one (perfect) copy of the motif in the chimpanzee genome and is mildly conserved in rat and mouse, where this region of Int8 contains large, and presumably polymorphic, GA and CA repeats, respectively (http:͞͞genome.ucsc.edu).
These markers were then genotyped in a sample of Ϸ700 cocaine abusers and Ϸ860 controls from Sao Paulo, Brazil. We also investigated potential functional effects of identified risk alleles, with the aim of providing a plausible rationale for the associations observed. Here we report that the 30-bp VNTR located in Int8 of the DAT1 gene is associated with cocaine abuse in the Brazilian population and, further, that the risk allele has a differential effect on reporter gene expression that is sensitive to stimuli, including cocaine.
Results
Initial Genotyping. The allele counts and frequencies are indicated in Table 1 for the Int8 VNTR, Indel14, the 3Ј UTR VNTR, and 37-bp VNTR. The genotyping failure rates were 4% for the Indel14, 0.2% for the 3Ј UTR, and 1% for the 37-bp VNTR. No significant case-control difference was observed for the 3Ј UTR (genotype-wise: 2 ϭ 14.4; d.f. ϭ 14; P Ͼ 0.05) or 37-bp ( 2 ϭ 6.4; d.f. ϭ 6; P Ͼ 0.05) VNTRs or Indel14 ( 2 ϭ 3.6; d.f. ϭ 2; P Ͼ 0.05) Association was found with cocaine abuse and the Int8 VNTR ( 2 ϭ 30.7; d.f. ϭ 12; P ϭ 0.002).
Stratification analysis using different parameter options in the LPOP program (43) consistently indicated that a three-population (K ϭ 3) model best fitted the data (AIC ϭ 114907). Other models were also promising, such as a four-population model (K ϭ 4; AIC ϭ 114923). However, individuals in the three-population model were assigned to the classes with posterior probability greater than for the four-population model (data not shown). Moreover, posterior comparison demonstrated that this population substructure did not significantly differ among the cases and controls ( 2 ϭ 3.8; d.f. ϭ 2; P ϭ 0.15).
For Int8, allele and genotype-wise analyses were also assessed excluding the rare alleles and considering only genotypes 2͞2, 2͞3, and 3͞3 (because they were Ͼ95% of the total alleles and genotypes observed). The individual probability of belonging to each of the three population groups indicated by LPOP was used as a covariate in the regression analyses. The allele-wise odds ratio for the two most common alleles was 1.2, with a 95% confidence interval of 1.01-1.37 (P ϭ 0.036), and the genotypic odds ratios considering a recessive model for the 3 allele, e.g., 3͞3 genotype versus 2͞3 and 2͞2, was 1.45, with a 95% confidence interval of 1.18-1.78 (P ϭ 0.0008).
Additional Genotyping. Genotype and allele frequencies for the rs2963238, rs11564752, rs27048, rs6347, rs6876225, rs11564773, and rs1042098 SNPs did not show a significant difference between cases and controls (data not shown). In addition, both controls and cases were in Hardy-Weinberg equilibrium (P Ͼ 0.05) for all SNPs and VNTRs tested. Additional clinical variables such as type of cocaine used, age of onset, or sex did not show an association͞interaction with the markers genotyped (data not shown).
LD and Haplotype Analysis. The pairwise LD analyses revealed a pattern of disequilibrium along the DAT gene similar to that reported by Greenwood and Kelsoe (11) ( Table 2 ). High levels of disequilibrium were observed between the two 3Ј VNTRs and SNP rs1042098, the Indel14 insertion͞deletion, SNP rs115664773 in intron 14, together with SNP rs6876225 in intron 12 (DЈ Ͼ 0.6; P Ͻ 0.0001), and between the two SNPs located in the intron 1 (DЈ ϭ 0.7; P Ͻ 0.0001). In addition, the Int8 VNTR and SNPs in Int8 and exon 9 revealed a third region of the gene with significant level of disequilibrium (DЈ Ͼ 0.7; P Ͻ 0.0001).
Haplotype analyses including all markers demonstrated a trend (P Ͻ 0.1) for association with cocaine abuse (LRT ϭ 24.23; d.f. ϭ 16; P ϭ 0.08). However, when the Int8 VNTR was dropped from the analyses, no trend was observed (LRT ϭ 23.752; d.f. ϭ 18; P ϭ 0.163).
Based on the LD results, we then analyzed haplotypes within each of these regions separately and tested their interaction with the Int8 VNTR by removing and then adding it to the analysis. Haplotype 1 consists of six markers in the 3Ј region of the gene (3Ј UTR through intron 12), haplotype 2 includes the three markers between Int8 and exon 9, and haplotype 3 comprises the two SNPs in the intron1. Haplotype 1 did not show significant association with cocaine abuse (LRT ϭ 12.75; P ϭ 0.12); however, when the Int8 VNTR was added to the haplotype analyses a positive association became evident (LRT ϭ 20.40; P ϭ 0.008). Moreover, analyses of Sequence Analysis. We have sequenced the seven alleles found for the Int8 VNTR. Upon analysis it appeared that all of the alleles are comprised of variable numbers of an a repeat motif and one b repeat motif, which has a 2-bp difference from the a repeat. (Fig.  1) . Moreover, to investigate whether there were any sequence differences between the Int8 VNTR alleles in terms of the sequence of the repeat unit, two pools containing PCR products of 25 individuals homozygous for the 2 and 3 alleles were sequenced in addition to three individual homozygotes for each allele. The reads were generated on an Applied Biosystems 3730 DNA Analyzer platform and analyzed by SEQUENCHER software, version 4.0.5. We then tested the response of the Int8-VNTR 2 and Int8-VNTR 3 alleles to distinct challenges in the form of (i) cocaine, (ii) KCl, and (iii) KCl and forskolin by adding these chemical stimuli to the cell culture medium as outlined. Here we summarize the conditions and results obtained for each stimulus.
Two concentrations of cocaine hydrochloride (Sigma), 1 and 10 M, were added to the cell culture medium. In both cases, the Int8 VNTR 3 allele vector demonstrated an Ϸ40% reduction in expression (t ϭ 4.0 and t ϭ 6.04; d.f. ϭ 16; P ϭ 0.001 and P Ͻ 0.001) versus the 2 allele, with a slightly increased effect for the 10 M concentration. Cocaine has been observed to modulate many neuronal genes, in part through activation of specific transcription factors pathways including those regulated by members of the AP1 family such as c-fos and c-jun (22, 23) .
In cultured cells, it has been shown that increasing extracellular K ϩ results leads to an increase in cytosolic Ca 2ϩ and results in enhanced (Cre-dependent) transcription (24, 25) . We induced Ca 2ϩ signaling by depolarizing the membrane potential of the cell by adding KCl (40 mM) to the medium. This ••• resulted in increased expression from the allele 3 vector versus the 2 allele (t ϭ Ϫ3.0; d.f. ϭ 16; P ϭ 0.008).
Forskolin (10 M), a membrane-permeable activator of adenylate cyclase, and K ϩ (40 mM) were coadministered to the cell culture medium. In this system, the Int8-VNTR 3 allele demonstrated a large increase (6-fold) in reporter gene expression in response to synergistic challenge over the 2 allele (t ϭ Ϫ8.95; P Ͻ 0.001; d.f. ϭ 8.882 as equal variances not assumed in this case). We have previously shown that these stimuli act synergistically on gene expression supported by reporter gene constructs both in clonal cell lines and in organotypic CNS cultures (24, 26, 27) .
These data are graphed in Fig. 2 , and relative expression level values are shown in Table 3 , which shows the relative effect of cocaine and the other stimuli on the expression of the vectors, with the vector containing the 3 allele showing an increased response to stimuli compared with the 2 allele at every treatment. In addition, for every treatment the 3 allele shows a significant change (P Ͻ 0.05) from baseline conditions, whereas for the 2 allele the only significant differences observed were for the KCl and 10 M Marker's names and locations: 1, rs11564752 (intron 1); 2, rs2963238 (intron 1); 3, rs27048 (Int8); 4, Int8 VNTR (Int8); 5, rs6347 (exon 9); 6, rs6876225 (intron 12); 7, Indel14 (intron 14); 8, rs11564773 (intron 14); 9, rs1042098 (3Ј UTR); 10, 3Ј UTR VNTR (3Ј UTR); 11, 37-bp VNTR (3Ј UTR). Fig. 1 . The sequences shown represent the flanking sequences of the Int8 VNTR and the 3 allele, which is six copies of the repeat (Upper) and the 2 allele, which is five copies of the repeat (Lower). All of the alleles found for this polymorphism are comprised of variable numbers of an a repeat motif and one b repeat motif, which has 2-bp differences from the a repeat. cocaine treatments (data not shown). These ••• were significantly smaller than the effects observed for the 3 allele in both cases (see above).
Discussion
We examined a total of 699 cocaine abusers and 866 controls and identified a positive association with alleles and genotypes of the 30-bp VNTR in Int8 of the DAT1 gene, the Int8 VNTR. Association and haplotype analyses using other polymorphisms in and near the gene (two VNTRs, one Indel, and seven SNPs) indicate that the Int8 VNTR is the variant responsible for the observed association despite significant LD existing between it and some of the other variants. Moreover, stratification analyses indicated a similar distribution of population substructure in the cases and controls, and the association remained positive after covarying for this ••• in the regression analyses. This ••• suggests that population stratification is not responsible for the observed association. Is the VNTR polymorphism in Int8 functional? Our experiments show that the risk allele 3 exhibits differential and increased responses to stimuli in comparison to the protective allele 2.
Specifically, we demonstrated a differential effect on reporter gene expression supported by the Int8-VNTR 3 allele when placed in the intron of an expression vector and transfected into a mouse dopaminergic (substantia nigra-derived) cell line, SN4741, expressing the DAT1 (21) . When challenged with the addition of KCl and forskolin to the cell culture medium, the 3 allele demonstrated an increased regulation of reporter gene expression (six times normal regulation), whereas the 2 allele did not exhibit any change or changed only slightly in comparison. We previously used the synergistic activation of K ϩ -induced depolarization and forskolin to modulate the effects on expression of a variety of distinct transcriptional regulatory domains (24, (26) (27) (28) . But, perhaps of more relevance, the effects observed were opposite when the cells were exposed to cocaine, with decreased expression of the 3 allele and little or no response of allele 2. From Fig. 3 a consistent effect can be observed with the 3 allele mediating large differential responses to stimuli, whereas the expression of the 2 allele remaining (comparatively) constant across the treatments.
These expression data indicate that the Int8 VNTR sequence domain supports differential gene expression dependent on both the allele analyzed and the stimulus applied to the cell. These are the characteristics of a stimulus-sensitive regulatory domain whose function is determined by the binding of sequence-specific nucleic acid binding proteins. Because the alleles support differential expression we must assume that the difference in primary sequence as defined by the copy number is allowing differential binding of transcription factors, although we have not yet identified these.
Even though it appears that the common Int8 VNTR alleles differ by only one perfect repeat unit, it has been demonstrated that the on͞off rate for transcription factors in recognizing their cognate binding sites in tandem repeats can be affected by the copy number of those repeats (29, 30) .
Given the differential response characteristics of the reporter gene containing the Int8 VNTR in reporter constructs and the neurochemical and neurotoxic effects of cocaine, we theorize that people possessing the 3͞3 genotype will exhibit a differential response via altered DAT1 gene expression when exposed to cocaine. However, we have only shown this differential regulation to cocaine on the individual intronic VNTR domains, out-with their genomic context. Precise molecular characterization of the role that specific VNTR domains, such as Int8, play in endogenous regulation of DAT1 is not within the scope of this study. This ••• would potentially require complex reporter gene constructs that span the whole gene to encompass the many regulatory domains both 5Ј and 3Ј (31, 32) . Nevertheless, what we were able to ascertain about the regulatory properties of the Int8-VNTR domain clearly suggests a mechanism by which this polymorphism can be associated with cocaine abuse by altering the tissue-specific or stimulus-inducible expression of the DAT1 gene. A previous study investigating the effect of cocaine abuse in the postmortem human brain demonstrated that, in cocaine users, DAT1 levels and DA uptake were elevated in the ventral striatum when compared with control subjects, providing further evidence of adaptation in DA uptake after chronic cocaine exposure (33) .
It is notable that, to our knowledge, this is the first mediumto-large-scale study of the role of DAT1 gene variants in cocaine abuse both in terms of the sample size examined and the number of polymorphisms genotyped. There have been relatively few genetic association studies of cocaine abuse, only one of which (14) looked at the role of a DAT1 polymorphism in a sample of 102 cocaine abusers through genotyping the 3Ј UTR VNTR. In that study, Gelernter et al. (14) failed to find an association with cocaine abuse but did suggest a role for DAT1 3Ј UTR VNTR alleles in cocaine-induced paranoia, which was not measured in our sample. Other molecular genetic studies that have examined cocaine abuse as the primary phenotype have focused principally on the serotonin transporter (34) (35) (36) , DA ␤-hydroxylase (37), and DA receptors (38) . 
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To conclude, we found a robust association between cocaine abuse and a functional VNTR allele in the DAT1, conferring a small but detectible effect. Whereas a false positive finding due to population stratification is a potential concern for this type of study, this ••• was addressed by stratification analysis. This ••• indicated that there was population substructure, which was similarly distributed in the cases and controls. Covarying for this substructure in the association test did not change the results. The demonstration of differential functional effects for the risk allele, including an increased inhibitory effect on reporter gene expression when exposed to cocaine, indicates a possible functional role for this polymorphism in the response to cocaine. In addition, the haplotype and other genetic analyses in the sample support the idea that the Int8-VNTR is the relevant functional polymorphic motif in this sample. However, both the functional and genetic case-control work will require replication. If true, additional studies of drug abuse phenotypes other than cocaine abuse will also be necessary to explore the role of this polymorphism in addictive processes in general.
Methods
Association Study. Patients. Six hundred ninety-nine cocaine abusers (668 males, 31 females, mean age 26.7 years, SD ϭ 7.2) were ascertained (39, 40) . The study group consisted of drug users who were in treatment from August 1997 to October 1998 in one outpatient and six inpatient units located in the city of São Paulo, Brazil. Inclusion criteria were as follows: age 18 years and older, a history of cocaine abuse, and drug treatment at the selected centers. Individuals with another psychiatric diagnosis, such as psychosis, or a chronic physical illness such as diabetes or other metabolic disorders were excluded. All current cocaine users were then interviewed by using a structured interview to collect data on sociodemographic characteristics, sexual behaviors, and drug use profile. All subjects satisfied an ICD10 diagnosis of cocaine dependence (41) . Blood samples were collected from all participants for genetic and other analyses. A total of 63.8% of the participants reported having smoked cocaine (crack) over the previous month, and 51.5% had snorted cocaine over the same period. The overall lifetime prevalence for heroin use in the sample was Ͻ5% (our unpublished data). Controls. Eight hundred sixty-six healthy controls (592 males, 274 females, mean age 31.7 years, SD ϭ 9.9) were recruited from the Blood Transfusion Unit of the Hospital das Clinicas, Faculty of Medicine, University of São Paulo. Each blood donor was screened by using a short questionnaire investigating contagious diseases and the use of any kind of drug. Subjects with a past history of drug abuse or with recent use of an illegal drug were excluded. During the act of donation a short interview was conducted, and subjects with a lifetime history of a psychiatric disorder requiring admission to a hospital or suffering from a psychiatric condition at time of interview were excluded. Ethics. All of the subjects included in this study gave written informed consent, and this project was approved by the Ethical Committee of the Federal University of São Paulo and other relevant ethics committees. To help estimate haplotype patterns of this region, we also selected a novel VNTR (37-bp VNTR) located Ϸ10 kb 3Ј to the 3Ј UTR VNTR and a putatively functional 15-bp insertion͞deletion polymorphism located in intron 14 of the gene (Indel14) (11) . The 37-bp VNTR is described as a 6.1 copies of a 37-bp repetitive element polymorphism, and the Int8 is described also as 6.1 copies, but of a 30-bp element in the Simple Repeat table of the Human Genome in the University of California (Santa Cruz) Golden Path database (http:͞͞genome.ucsc.edu) (42) . Alleles of the Int8 and 37-bp VNTRs were called according to their relative size (smallest ϭ allele 1), and the coding system using the range from 3 to 11 copies was applied for the 40-bp 3Ј UTR VNTR (6) . SNPs. In a previous study analyzing variation within DAT1, Greenwood et al. (10) selected a number of SNPs that span the gene from the distal promoter through the 3Ј UTR that are suitable for LD analyses. We genotyped seven of these SNPs: rs2963238 (C͞A) and rs11564752 (G͞T) in intron 1, rs27048 (A͞G) in Int8, rs6347 (A͞G) in exon 9, rs6876225 (A͞C) in intron 12, rs11564773 (A͞G) in intron 14, and rs1042098 in the 3Ј UTR of the gene. See Fig. 3 for a diagram with the location of all markers.
Markers for Stratification Analysis. We selected 17 SNPs and seven highly polymorphic microsatellites markers that exhibit large allele frequency differences among the three main Brazilian ancestral populations (Europeans, Africans, and Native Americans; M. Shriver, personal communication). Genotyping of all SNPs selected for this study was performed blind to status by using an amplifluor assay and was performed under contract by K-Biosciences (Cambridge, U.K.). Primers and conditions for the microsatellites used can be obtained upon request.
Statistical Analyses. Population substructure in the study sample was studied by using the program LPOP (43) to define clusters of ancestry of similar individuals by using multilocus genotypes. To identify the best model for the Brazilian population, we performed runs combining various available parameters in the program and different numbers of genetic clusters (K ϭ 1 to K ϭ 10) represented by the individuals genotyped.
Genotype and allele frequencies were compared by using a CLUMP, which uses simulations of the data to generate a distribution of 2 statistics to assess the significance of the test-derived 2 for the multiallelic markers tested.
Expression Analyses. Cell growth. SN4741 is a mouse substantia nigra-derived dopaminergic neuronal cell line and was cultured at 33°C, 5% CO 2 , in DMEM with Glutamax supplemented with 10% FCS, 1% glucose, and penicillin-streptomycin. After transfection, cells were incubated in the same conditions (46) . JAR cells were used for the pGL3p luciferase vector (Promega) transfections and were similarly cultured. Construction of reporter gene constructs. We inserted the two common Int8 allelic variants into the intron of the Renilla vector phRLsv40 (Promega) using a plasmid containing a single AscI linker within its intronic region to allow for cloning of test-postulated intronic regulatory domains. The primers were modified (forward, 5Ј-TTGGCGCGCCGCTTGGGGAAGGAAGGG-3Ј; reverse, 5Ј-TTGGCGCGCCGTGTGCGTGCATGTGG-3Ј) to include Asc1 restriction sites enabling direct ligation of the PCR product into phRLsv40 (Promega). All plasmids were confirmed for validity and directionality by DNA sequencing. Transfection. Cells (Ϸ1 ϫ 10 4 ) were plated onto 24-well plates 24 h before transfection with Transfast (Promega). Transfections were optimized according to the manufacturer's instructions. In brief, reporter plasmid (0.5 g per well) was mixed with serum-free cell medium (200 l per well), and Transfast was added at a ratio of 2:1 (3 l per well). Cells were then washed twice with PBS, and DNA medium mixture was added for 1 h, after which 1 ml of relevant cell medium containing 10% FBS was added.
Reporter gene assay. After 48 h cells were washed twice with PBS and then lysed with Passive Lysis buffer (Promega). After 15 min of agitation at room temperature, the cell lysate was centrifuged briefly at 10,000 ϫ g. Supernatants were assayed for reporter gene expression by using the relevant Promega assay system. Supernatant (20 l) was added to 100 l of assay reagent in opaque 96-well plates, and the light emission was measured over a given time interval with the Life Sciences Labsystems Luminoskan (model RT). Where appropriate, cells were serum-deprived for 1 h and incubated for 24 h in normal cell medium, during which they were exposed to a potassium-evoked depolarization, a potassium-evoked depolarization combined with forskolin, cocaine hydrochloride (Sigma), or no exposure. Forskolin was used at 10 M final concentration. Depolarization of SN4741 cells was achieved by using final concentrations of 10 mM CaCl 2 and 40 mM KCl. The cells were also exposed to cocaine hydrochloride at concentrations of 1 M and 10 M. Luciferase͞Renilla results were normalized to total protein concentration, which was measured with the BCA protein assay kit (Pierce) in accordance with the manufacturer's instructions. Results are means Ϯ SE of three or more experiments performed in triplicate using cells of the same or similar passage number.
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